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MECHANISMS AND DIVERSITY OF RESISTANCE TO THE 
SORGHUM MIDGE, CONTARINIA SORGHICOLA COQ. 
1 H.C. Shana and K. ~euschner *  
ABSTRACT 
Cul t i v a r  non-preference t o  adu l t s ,  l ess  o v i  posi  t i o n ,  and 
a n t i b i o s i  s are the major components of res is tance t o  the sorghum midge, 
Contar in ia  sorgh ico la  Coq. Short f l o r a l  pa r t s ,  f as te r  ra tes  o f  ovary 
development, and h igh  tann in  content  of  g r a i n  are  apparent1 y  associated 
w i t h  res is tance t o  sorghum midge. However, cu l  t i v a r s  e i t h e r  having 
h igh  tann in  content  o r  shor t  f l o r a l  p a r t s  may no t  always be res i s tan t ,  
and t h a t  l i n e s  having low tann in  content  (e.g. DJ 6514) are a l so  known 
t o  be r e s i s t a n t .  D i f f e r e n t  genotypes seem t o  have d i f f e r e n t  combinations 
o f  the f a c t o r s  apparent ly associated w i t h  res is tance t o  sorghum midge. 
Glume leng th  G2, l o d i c u l e  l eng th  and breadth, r a t e  o f  ovary development 
based on g r a i n  s ize ,  and tann in  content  o f  mature g r a i n  have the 
c o r r e l a t i o n  and path c o e f f i c i e n t s  ( d i r e c t  e f f e c t s )  i n  the same d i r e c t i o n ,  
and these characters may be usefu l  i n  s e l e c t i n g  f o r  res is tance t o  sorghum 
midge. Glume leng th  G1, lema leng th  L1, anther length,  and palea l eng th  
were p o s i t i v e l y  co r re la ted  w i t h  s u s c e p t i b i l i t y  t o  midge, but  had negat ive  
d i r e c t  e f f e c t s .  Ovary growth ra te ,  based upon fresh weight o f  g ra ins  
was negative1 y  associated w i t h  midge damage bu t  showed p o s i t i v e  d l  r e c t  
e f f e c t s .  Sources o f  res is tance t o  sorghum midge having d i f f e r e n t  
mechanisms were placed i n  separate groups based upon canon ica l -var ia te  
ana lys is .  There i s  a  d i s t i n c t  p o s s i b i l i t y  o f  increas ing the l e v e l s  
and broadening the bas is  o f  res is tance t o  sorghum midge. 
INTRODUCTION 
Sorghum midge, Contar in ia  sorgh ico la  Coq. i s  the most 
d e s t r u c t i v e  pest  o f  g r a i n  sorghum a l l  over the wor ld (Har r is ,  1976). 
Res is tant  c u l t i v a r s  cou ld  be an important  means o f  min imiz ing midge 
damage t o  sorghum (Shanna, 1984). The nature  o f  res is tance t o  sorghum 
midge i s  va r iab le  amongst d i f f e r e n t  c u l t i v a r s .  Factors such as sho r t  
glumes ( B a l l  and Hastings, 1912), c l  iestogamous glume character  ( l o n g  
glumes)(Bowden and Neve, 1953), and nature  o f  glume coup l ing  (Geering, 
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1953; B e r g u i s t  -- e t  a l . ,  1974; Rosset to  e t  a l . ,  1975) have been r e p o r t e d  
t o  be assoc ia ted  w l t h  midge r e s i s t a n c e .  Mur ty  and Subramaniam (1978) 
r e p o r t e d  t h a t  glume l e n g t h ,  r a c h i s  l e n g t h ,  and the  presence o f  awns 
were n o t  assoc ia ted  w i t h  midge r e s i s t a n c e .  
A t  t h e  ICRISAT cen te r ,  s t u d i e s  were i n i t i a t e d  t o  i n v e s t i g a t e  
t h e  r o l e  o f  morpho log ica l  c h a r a c t e r i s t i c s  o f  t h e  f l o r e t s ,  r a t e  o f  ovary  
development, and t h e  t a n n i n  c o n t e n t  of sorghum g r a i n  i n  r e s i s t a n c e  
t o  sorghum midge. 
MATERIALS AND METHODS 
The s t u d i e s  were conducted u s i n g  f o u r  r e s i s t a n t  DJ 6514 
(Shyamsunder gt- fi., 1975), TAM 2566 (Johnson a,, 1973), AF 28 
(Rosse t to  -- e t  a l . ,  1975), and I S  15107 (Sharma, 1984) and two s u s c e p t i b l e  
(CSH 1 and Swarna) c u l t i v a r s  over  f o u r  c r o p p i n g  seasons between 1982 
t o  1984. C u l t i v a r  non-preference t o  a d u l t s  was recorded f o r  two seasons 
o n l y .  The c u l t i v a r s  were p l a n t e d  i n  a randomized complete b l o c k  des ign  
w i t h  t h r e e  r e p l i c a t i o n s .  Each p l o t  was 4x3 m. The c rop  was p l a n t e d  
on r i d g e s  75 cm apar t .  The p l a n t s  were t h i n n e d  t o  10 cm spacing w i t h i n  
the  row 15 days a f t e r  emergence. 
Insec t /Hos t -P lan t  R e l a t i o n s h i p  
Cul t i v a r  non-preference t o  a d u l t s  was recorded d u r i n g  1981 
r a i n y  season and 1982-83 p o s t r a i n y  season as the  number o f  midges 
a t t r a c t e d  t o  t h e  p a n i c l e s  o f  d i f f e r e n t  genotypes d u r i n g  f l o w e r i n g  under 
f r e e  cho ice  f i e l d  c o n d i t i o n s .  The number o f  a d u l t  midges on f i v e  
randomly s e l e c t e d  p a n i c l e s  was recorded a t  top -an thes is  i n  each p l o t  
f o r  t h r e e  consecu t i ve  days between 0900 t o  100Ch. The number of eggs 
and l a r v a e ,  and a d u l t  emergence were recorded over  f o u r  seasons under 
no-choice c o n d i t i o n s  by  a r t i f i c i a l l y  i n f e s t i n g  t h e  sorghum p a n i c l e s  
w i t h  60 female midge f l i e s  p e r  p a n i c l e  a t  top -an thes is  s tage u s i n g  
a headcage (Sharma, 1984). The p a n i c l e s  were covered w i t h  m u s l i n  c l o t h  
bags a t  p a n i c l e  emergence t o  a v o i d  o v i p o s i t i o n  by t h e  n a t u r a l  midge 
popu la t ion .  Nine randomly s e l e c t e d  p a n i c l e s  were caged i n  each p l o t ,  
o f  which t h r e e  p a n i c l e s  each were u t i l i z e d  t o  r e c o r d  d a t a  on each 
parameter (egg number, l a r v a l  number, and a d u l t  emergence). The number 
o f  c h a f f y  f l o r e t s  ( f l o r e t s  w i t h o u t  g r a i n  due t o  damage b y  midge l a r v a e )  
was recorded i n  p a n i c l e s  used f o r  r e c o r d i n g  l a r v a l  numbers. Eggs i n  
f l o r e t s  were counted two days a f t e r  cag ing  midges on t h e  sorghum 
p a n i c l e s .  Three p r i m a r y  branches were taken f rom t h e  top, middle,  
and lower  p o r t i o n  o f  t h e  i n f e s t e d  p a n i c l e s ,  and t h e  p r i m a r y  branches 
were then s p l i t  i n t o  smal le r  secondary branches. From these secondary 
branches, 250 f l o r e t s  were p icked up randomly t o  record the number 
o f  f l o r e t s  w i t h  eggs and the  t o t a l  number o f  eggs. The number of f l o r e t s  
w i t h  midge larvae,  and the  t o t a l  number o f  la rvae per 300 f l o r e t s  were 
recorded 10 days a f t e r  i n f e s t a t i o n  i n  the same manner as the egg numbers 
were recorded. F i f t e e n  days a f t e r  i n f e s t a t i o n ,  the number o f  f l o r e t s  
w i t h  midge l a rvae  and the number of c h a f f y  f l o r e t s  were recorded from 
a sample o f  500 f l o r e t s .  The a d u l t  emergence i n  each pan ic le  was 
recorded between 15 and 30 days a f t e r  i n f e s t a t i o n .  Midge emergence 
i n  the  headcages was recorded d a i l y .  The midges were c o l l e c t e d  w i t h  
an a s p i r a t o r  and counted. 
F l o r a l  Morphology 
The l i n e a r  measurements ( l e n g t h  and/or breadth)  o f  d i f f e r e n t  
f l o r a l  p a r t s  (glume G 1  and 62, lema L1  and L2, palea, l o d i c u l e ,  anther ,  
ovary, stigma and s t y l e )  were made on 10 f l o r e t s  a t  anthesis under 
a microscope w i t h  an ocu la r  micrometer. The samples were drawn from 
th ree  pan ic les  o f  each c u l  t i v a r .  
Rate o f  Ovary Growth 
The r a t e  o f  ovary growth was measured i n  t e n s  o f  the 
s i ze (w id th ) ,  f r e s h  weight, and d r y  weight  o f  the  developing gra in .  
Random samples o f  300 g ra ins  were taken on the  t h i r d  and seventh day 
a f t e r  anthesis from the  mid p o r t i o n  o f  t h ree  pan ic les  t o  record f resh  
and d r y  weights i n  each r e p l i c a t i o n .  Grains were d r i e d  a t  80 C t o  
a constant  weight i n  an oven. Grain s i ze  was measured w i t h  a s p e c i a l l y  
designed g r a i n  s i ze  meter (Sharma, 1984) on t h i r d  and seventh day a f t e r  
anthesis.  The ra tes  o f  ovary growth were determined between t h i r d  
and seventh day a f t e r  an thes is  as expla ined i n  Table 2. 
Tannin Content o f  Grain 
The tann in  content  o f  10-day-old and mature g r a i n  was 
determined by the  method o f  Mer t i n  et fi. (1978). The g ra ins  were 
d r i e d  complete ly  a t  80 C i n  an oven. 
Data were s t a t i s t i c a l l y  analysed t o  determine the d i f f e rences  
between c u l  t i v a r s  i n  t he  parameters measured. C o r r e l a t i o n  c o e f f i c i e n t s  
between s i x  dependent (number o f  eggs/100 f l o r e t s ,  % f l o r e t s  w i t h  eggs, 
number o f  larvae/100 f l o r e t s ,  X f l o r e t s  w i t h  larvae,  % c h a f f y  f l o r e t s ,  
and a d u l t  emergence) and 14 independent va r i ab les  (glume leng th  G 1  
and 62, lema leng th  L1  and L2, palea length,  l o d i c u l e  and anther  l eng th  
and breadth,  ovary  growth r a t e s  ( g l ,  92 and g3), and t a n n i n  c o n t e n t  
o f  10-day-old and mature g r a i n )  were c a l c u l a t e d .  The data were a l s o  
sub jec ted  t o  conon ica l  (Rao, 1952) and p a t h  c o e f f i c i e n t  (Dewey and 
Lu, 1959) a n a l y s i s  i n  an a t tempt  t o  determine the  d i v e r s i t y  i n  the  
sources o f  r e s i s t a n c e  and the  d i r e c t  and i n d i r e c t  c o n t r i b u t i o n  o f  va r ious  
f a c t o r s  assoc ia ted  w i t h  midge r e s i s t a n c e .  
RESULTS AND DISCUSSION 
The r e s u l t s  on t h e  va r ious  parameters measuring i n s e c t / h o s t -  
p l a n t  i n t e r a c t i o n  a r e  g i v e n  i n  Table 1. Suscep t ib le  c u l t i v a r s  (CSH 
1 and Swarna) were g e n e r a l l y  more a t t r a c t i v e  t o  t h e  midge f l i e s  than  
TAM 2566 and I S  15107. Cul t i v a r  non-preference i s  one o f  t h e  mechanisms 
of r e s i s t a n c e  t o  sorghum midge (Mi sernan and McMi 11 ian ,  1968; Sharma, 
1984). However, c u l  t i v a r  non-preference may have 1 irni ted  va lue  when 
t h e  same c u l t i v a r  i s  p l a n t e d  over  a  l a r g e  area i n  fa rmers '  f i e l d s .  
Number o f  e g g s i l o 0  f l o r e t s  and % f l o r e t s  w i t h  eggs were h i g h e r  i n  CSH 
1 and Swarna. AF 28 and TAM 2566 had lower  percentage o f  f l o r e t s  w i t h  
eggs, f o l l o w e d  by  DJ 6514 and I S  15107. The c losed  s p i  k e l e t  c h a r a c t e r  
o f  AF 28 has been suggested t o  make o v i p o s i t i o n  a p p a r e n t l y  difficult 
(Rosse t to  e t  a l . ,  1975). The number o f  f l o r e t s  w i t h  midge l a r v a e  and 
t h e  number o f  l a rvae /100  f l o r e t s  were lowes t  i n  DJ 6514 f o l l o w e d  by  
TAM 2566, AF 28, and I S  15107. A d u l t  emergence was v e r y  low i n  r e s i s t a n t  
c u l t i v a r s  (15 t o  7 1  midges /pan ic le )  compared t o  t h e  s u s c e p t i b l e  ones 
(318 t o  404 midges /pan ic le ) .  The number o f  c h a f f y  f l o r e t s  was l e a s t  
i n  DJ 6514, c l o s e l y  f o l l o w e d  by  AF 28, TAM 2566, and I S  15107. Gra ln  
damage i n  t h e  s u s c e p t i b l e  c u l t i v a r s  CSH 1 and Swarna was much h i g h e r  
( > e l % )  than  i n  t h e  r e s i s t a n t  ones (<39%). 
There were s i g n i f i c a n t  d i f f e r e n c e s  amongst t h e  c u l t i v a r s  
i n  t h e  l i n e a r  measurements o f  t h e  f l o r a l  p a r t s ,  r a t e s  o f  g r a i n  
development, and t h e  t a n n i n  c o n t e n t  o f  the  g r a i n  (Table 2 ) .  The 
c o r r e l a t i o n  c o e f f i c i e n t s  between t h e  dependent and independent v a r i a b l e s  
a r e  g i v e n  i n  Table 3. The r a t e  o f  g r a i n  development was g e n e r a l l y  
h i g h e r  i n  t h e  r e s i s t a n t  c u l t i v a r s  than  i n  t h e  suscep t ib les ,  and were 
n e g a t i v e l y  assoc ia ted  w i t h  s u s c e p t i b i l i t y  t o  sorghum mige. Long glume 
G1 and 62, lema L1  and L2, pa lea,  l o d i c u l e ,  anther ,  s t y l e ,  and st igma 
and l o d i c u l e  b r e a d t h  were p o s i t i v e l y  assoc ia ted  w i t h  s u s c e p t i b i l i  t y  
t o  sorghum midge. Ovary and a n t h e r  b read th  showed n e g a t i v e  c o r r e l a t i o n  
w i t h  s u s c e p t i b i l i t y  t o  sorghum midge. Tannin c o n t e n t  o f  g r a i n  was 
a l s o  n e g a t i v e l y  c o r r e l a t e d  w i t h  s u s c e p t i b i l i t y  t o  mige, a l though  t h e r e  
were d i s t i n c t  excep t ions  e.g. DJ 6514 1s h i g h l y  r e s i s t a n t  b u t  has a  
low t a n n i n  content .  
The d i r e c t  and i n d i r e c t  e f f ec t s  o f  14 f l o r e t  characters 
associated w i t h  midge res is tance are g iven I n  Table 4. Glume leng th  
62 showed p o s i t i v e  d i r e c t  e f f e c t s ,  and the  i n d i r e c t  e f f e c t s  were a l s o  
p o s i t i v e  through l o d i c u l e  l eng th  and breadth, and ovary growth r a t e  
based upon g r a i n  s ize.  Lodlcule l eng th  and breadth showed p o s i t i v e  
d i r e c t  e f f e c t s  as a l s o  the  i n d i r e c t  e f f e c t s  through glume l e n g t h  62. 
 he d i r e c t  e f f e c t s  o f  ovary growth r a t e  based on g r a i n  s i ze  were negat ive  
as were a l s o  the  i n d i r e c t  e f f e c t s  o f  t h i s  f a c t o r  through g l u m  leng th  
62 and l o d i c u l e  length.  Tannin content  o f  mature g r a i n  showed negat ive 
d i r e c t  e f f e c t s  as we l l  as an assoc ia t i on  w i t h  midge damage. The 
c o r r e l a t i o n  c o e f f i c i e n t s  and d i r e c t  e f f e c t s  of glume leng th  c 2 , l o d i c u l e  
l eng th  and breadth, ovary growth r a t e  based upon g r a i n  s ize ,  and the 
tann in  content  o f  mature g r a i n  were i n  the  same d i r e c t i o n ,  and hence, 
these characters might  be usefu l  i n  s e l e c t i n g  f o r  res is tance t o  sorghum 
midge . 
The c o r r e l a t i o n  c o e f f i c i e n t s  and d i r e c t  e f f e c t s  o f  glume 
leng th  G I ,  lema leng th  L1, and ovary growth r a t e  based on f resh  weight 
o f  g r a i n  were i n  opposi te d i r e c t i o n s .  The p o s i t i v e  assoc ia t i on  o f  
g l u m  leng th  G l  and Lema leng th  L1 w i t h  s u s c e p t i b i l i t y  t o  midge was 
through glume leng th  G2, l o d i c u l e  l eng th  and breadth, and ovdry yrowth 
r a t e  based upon g r a i n  s ize .  
Short glumes ( B a l l  and Hastings, 1912) and o the r  f l o r a l  p a r t s  
thus seem t o  be associated w i t h  res is tance t o  sorghum midge. Less 
o v i p o s i t i o n ,  apparent ly  because o f  glume coup1 ing  (Hossetto e t  a l . ,  
1975) i s  another f a c t o r  associated w i t h  res is tance t o  midge. A n t i b i o s i s  
( l a r va l / pupa l  m o r t a l i t y )  i s  a l s o  a  component o f  res is tance t o  midge 
e.g. the  l e a s t  number o f  l a r vae  and adu l t s  were recorded on DJ 6514, 
a l though i t  had the  maximum number o f  eggs amongst the r e s i s t a n t  
c u l t i v a r s .  Th is  con t ras ts  w i t h  AF 28, which had l e a s t  eggs, bu t  ranked 
2nd and 3rd i n  l a r v a l  and a d u l t  numbers respec t i ve l y .  
The canonical c l u s t e r s  based on d i f f e r e n t  parametes are  shown 
i n  Fig.1. The c u l t i v a r s  were placed i n  separate groups based on 
d i f f e r e n t  parameters measuring suscept ib i  1  i t y  t o  sorghum midge. DJ 
6514 and TAM 2566 were genera l l y  grouped together  (except  the groups 
based on number o f  larvae/100 f l o r e t s ) .  AF 28 was always placed 
independently as was Swarna (except i n  groups based on number o f  eggs/100 
f l o r e t s ) .  These r e s u l t s  suggest t h a t  t he  sources o f  midge res is tance 
are  d i ve rse  and have d i f f e r e n t  mechanisms o f  res i s tance  which can be 
u t i l i z e d  i n  increas ing  the  l e v e l s  and d i v e r s i t y  o f  res is tance.  
CONCLUSIONS 
Resis tance t o  sorghum midge i s  main1 y  comprised o f  c u l  t i  var  
non-preference t o  a d u l t s ,  l e s s  o v i p o s i t i o n ,  and a n t i b i o s i s .  Shor t  
f l o r a l  p a r t s ,  f a s t e r  r a t e  o f  ovary  growth, and h i g h  t a n n i n  c o n t e n t  
o f  g r a i n  a r e  a p p a r e n t l y  assoc ia ted  w i t h  r e s i s t a n c e .  However, t h e r e  
may be d i s t i n c t  excep t ions  t o  t h i s  t rend ,  and c u l  t i  vars hav ing  e i t h e r  
ot' these c h a r a c t e r s  may n o t  always be r e s i s t a n t  and v ice-versa.  Glume 
l e n g t h  62, l o d i c u l e  l e n g t h  and breadth,  ovary  growth r a t e  based on 
g r a i n  s i z e  and t a n n i n  c o n t e n t  o f  mature g r a i n  may be u s e f u l  I n  b reed ing  
f o r  midge res is tance ,  and need t o  be eva lua ted  i n  a  d i v e r s e  a r r a y  o f  
germplasm and b reed ing  m a t e r i a l s .  Sorghum midge r e s i s t a n t  c u l t i v a r s  
a r e  d i v e r s e ,  and t h e r e  i s  a  d i s t i n c t  p o s s i b i l i t y  o f  i n c r e a s i n g  r e s i s t a n c e  
l e v e l s  and broadening t h e  b a s i s  o f  r e s i s t a n c e  by h y b r i d i z a t i o n  amongst 
t h e  d i v e r s e  sources. 
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Table 3 
Correlation coefficients between the parameters measuring midge resistance and ovary growth 
rates, linear measurements of floral parts and tannin content of grain (Sharma, 1984) 
Floral 
Parameter 
% florets % % M u 1  t 
with eggs/100 Larvae1100- chaffy florets florets 
midge larvae florets with eggs florets head 
Ovary growth rate gl 
Ovary growth rate 92 
Ovary growth rate 93 
Glume length - G1 
Glume length - G2 
Lema length - L1 
Lema length - L2 
Palea length 
Lodicule length 
Lodicule breadth 
Ovary length 
Ovary breadth 
0. SO* 
0.36 
0.35 
-0.13 
Anther lengtha 
.Anther breadth 
Style length 
Stigma length 
Tannins 10 day grains 
Tannins in mature grains 
Significant at P0.05 
Significant at PO.O1 
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Pig 1. Canonical clusters of s i x  cultivars based on 
chaffy florets (CF), florets with larvae 15-day8 
after infestation (FWL2), total number of eggs/ 
100 florets (TE) , f lorets with eggs (mE) , total 
number of larvae/100 florets (TL), florets with 
larvae 10-days after infestp.tion (RJLl), and 
adult amsrgence/panicle (AE) . 1-DJ 6514, 
2-AF 28, 3-TAU 2566, E-IS 15107, 5-CSH1, and 
6-Swarna . 
